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ABSTRACT 


This  report  oowers  tho  deralopaarital  work  carried  on  during 
the  period  from  25  January  195k  through  30  April  195k  on  Nary  Contract 
NObsr- 52589°  This  report  1*  prepared  In  aooordanot  with  Military  Speci- 
fication MIL-R-978(SHIPS)>  "Report*  and  Microfilm  Reeearoh  and  Derel- 
opannt" , 
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PART  I 


PURPOSE 


Tbs  purpo**  of  this  project  in  the  design,  derelopaent,  and 
product  ion  of  fire  Radio  Interference  - Field  Intensity  Measuring  Equip- 
ments for  ultra*  and  super-high-frequency  uaif;e.  These  equipments  are 
to  be  designated  AN/URM^2(XH-l). 
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OEHERAL  FACTUAL  DATA 


ENGINEERING  PERSONNEL  ASSIGNED  TO  THIS  WORK. 


1.  Donald  Radaaober 

2„  Kendall  Winborne 

3o  Janes  Shaw 

kc  Henry  Leknovioh 

Robert  Pleroo 
6.  Oeorge  Bnenger 

7c.  Leslie  Freeman 

8.  Sara  Hathaway 

9»  «Jone  La  Vaohc 

10 „ Kenneth  Mann 

LU  Alexander  Mo  Aden 


Project  Engineer 

Project  Engineer 

Assistant  Project  Engineer 

Kechanloal  Designer 

Meohanioal  Designer 

Laboratory  Assistant 

Draftsman 

Draftsman 

Draftsman 

Draftsman 

Teonnioal  Writer 
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DETAIL  FACTUAL  DATA 


OENERALt 

The  work  sunorlsed  in  this  report  inoludss  partial  calculation 
of  the  antenna  factor »'  for  the  three  antennas  chosen  for  one  with  the 
equipment,  redesign  of  the  impulse  noise  generator,  and  changes  which  are 
in  process  on  redesign  of  the  equipment  mounting  and  carrying  facilities) 
certain  redesign  has  also  boon  done  on  the  60  megacycle  convert  ero 

It  is  contemplated,  at  this  tine,  that  the  next  report  will  con- 
stitute the  Final  Development  Report* 


The  following  are  Included  with  this  report! 

Figure  1*  Antenna  AT-i*6/UP  Aperture 

Figure  20  URK-17  Input  Circuits 

Figure  3,  Mixer  Input  Cirouit 

Flgui'e  Li*  Modified  Mixer  Input  Cirouit 

Figure  5*  Impulse  Noise  Generator,  Schematic  Diogran 


007ERNMENT  FURNISHED  EQUIPMENT* 


All  tuning  units  to  bo  utilised  on  this  contract:  5 each: 
TN-128,  TN-129D,  TN-I3O,  and  TN-131  have  been  received  and  modified 
for  use  on  this  projeot* 

In  addition,  two  each  of  the  follov ing  signal  generators 
hare  bean  received: 


TS-U03/U 

TS-U19/U 

TS-621/U 

TS~622/U 

The  TS-L19/U  generators  were  apparently  handled  roughly 
during  shipment  since  the  klystron  oscillator  tubes  had  worked  out 
of  their  sockets  and  bags  of  silica  gel  were  broken  open  and  tbs 
contents  had  been  well  distributed  in  the  greasy  dial  gear  trains. 
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ANTENNAS i 


General • Three  antennas  were  originally  considered  for  the 
AN/URM-l*2(Itf-l)  equipment  in  order  to  adequately  cover  the  frequency 
range  of  frow  1 to  10  kaos,  Theae  antennae  arei 

Antenna  AT-1*9A/APTV4*  1 kmc  to  U kaoa 

Antenna  AS-23/AP  1.55  kao  to  $02  kwes. 

Antenna  AT*4*3/tJP  5.2  kaoa  to  11  kaoa 

Initially,  theae  antennas  were  modified  to  the  extent  of  provid- 
ing a mounting  rod  on  each  antenna  base  to  perait  mounting  in  a tripod  aaato 
Theae  mountings  are  oriented  in  the  uast  by  meana  of  a ainple  keying  meoh- 
aniaa  in  order  that  the  directional  characteriatlo  of  the  antenna  will  co- 
incide with  the  atiauth  dial  pointer  and  asimuth  olrola  at  the  foot  of  the 
aaato  Thia  facilitates  the  taking  of  aelzanth  bearings  on  a reoeived  algnalo 

Originally,  no  provisions  were  mado  for  orienting  the  antennas  in 
the  vertioal  plane»  Thia  condition  is  to  be  oorreoted  in  order  that  the 
antenna  faotoro  be  based  on  orientation  for  nerlnua  response  to  the  signal 
souroeo 


Antenna  AT-l*8/UPt  At  ndorownve  frequencies,  the  loss  resistanoe 
in  an  antenna  can  be  considered  to  b»  very  snallo  For  instanoe,  aauuae 
that  all  the  power  abstracted  from  the  passing  wave  by  the  antenna  is  de- 
livered to  the  connected  load.  Then  it  oen  be  shown*  that 

✓ o 

Maximum  Possible  „ QE  A,  „ 

Fasoeived  Power  ? 


where  i 0 « power  gain  of  antenna  relative  to  an  isotropic 
radiator 
A mt  wavelength 

E +*  volts  per  unit  length  in  same  units  that  A is 
expressed  in. 


This  power  can  be  considered  as  the  power  contained  in  a Beotian 
of  the  wavefront  having  on  area  A and  is  fourd  to  have  the  value* 


A 


(2) 


The  area  A is  the  effective  absorption  area  and  Is  generally  less  than  the 
aotuol  aperture  areaf  typloally  60  to  60  percent  as  greato  A is  expressed 
in  the  same  units  as  A . In  determining  the  factors  for  this  antenna,  we 
will  assume  ?0£  efficiency, 

* See  "Electronic  Measurenents"  by  Terman  it  Pettitj  pp  1*37 
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Combining  formulae  (l)  and  (2),  we  have! 


V,  - (3) 

120  IT 

Thus,  we  find  that  the  power  absorbed  by  the  antenna  Is  direotly  propor- 
tional to  the  aperture  area  A (so  long  ae  the  larger  aperture  distension  is 
greater  than  a quarter  ware  length)  and  independent  of  frequency,. 

The  eperture  are*  of  Antenna  AT-U8/DP  is  rectangular  in  shape 
(see  figure  I )»  Assuming  70%  effiolonoyi  the  sffeotive  area  in  square 
meters  is  0»OC&1"0 


• 6a08  cm- 


Figure  1,  Antenna  AT-U8/UP  Aperture 

Using  equation  (3)*  the  power  dolivered  to  the  antenna  load  by 
a field  intensity  of  one  microvolt  per  neter  is* 


Vi.  = 5.57  I 10-“ 


watts 


The  voltage  developed  across  the  50-oh*  load  by  5«57  I 10“^®  watts  isi 

E - (WjR)1^  ” (50  X $o57  I 10“18)V^ 

16,7  X 10* 9 rolts 


= 0 « 0167  wicro TO Its 


The  basic  sensitivity  of  the  AN/URll-li2(XN°l)  is  10  Microvolts 
(the  output  meter  socle  is  narked  1 to  100  niorovolts^  but  the  lowest 
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attenuator  setting  baa  an  110  correcting  factor )o  The  antenna  faotor, 
therefore,  vlll  bet 


K * lOuar  (amaHeat  output  meter  voltage  unit) 
OIZECSfur  (voltage  delivered  by  antenna  from 
a 1 uv-per-oertar  field) 


- 600 


The  AT-I18/UP  born  antenna  has  a nominal  operating  frequency 
coverage  of  5000  to  6000  magacyolee.  The  throat  of  the  born  consists 
of  a short  seotioc  of  0.U5  ia»  by  0.90  in0  waveguide.  The  cutoff  wave- 
length of  a rectangular  waveguide  of  these  dimensions  for  the  TEjjp 
mods  is 


/\c  - 2a  «*  1.8  in®  = 4.57  cm* 


— 6o5  kace 

This  means  that  below  6.5  kmoe,  the  signal  will  be  attenuated  by  the 
waveguide  section  and  the  antenna  faotor  will  rise  above  600. 

Antenna  AS-23/APi  Factors  cannot  be  computed  far  this  antenna 
over  its  frequency  range  *a?  this  tine.  The  antenna  consists  of  an  untuned 
dipole  with  a single,  fixed-length,  reflector  element.  The  self -resonant 
frequency  of  the  antenna  as  a half-wave  dipole  is  approximately  3 kmos. 
Approximate  data  can  be  derived  by  comparing  this  ant  anna  with  the  other 
two  antennas  in  the  overlap  region. 


Antenna  AT4*9A/AHl-4t  The  factor  for  the  cone  antenna  can  be 
derived  in  the  same  manner  as  was  that  for  the  horn  antenna  alnce  the 
oone  oan  be  regarded  as  a type  of  horn  when  the  aides  of  the  cone  are 
several,  wavelengths  long.  Cons  antennas  are  broad-band  devices  which 
have  a useful  frequency  ooverage  ratio  of  10il.  The  AT-49A/APR-U  was 
designed  for  a frequenoy  range  of  300  to  3000  megacycles  with  an  input 
VSWR  of  less  then  2.  A cone  antenna  could  be  designed  to  cover  the 
frequency  range  1 kao  to  10  kmcsf  however.  Its  faotor  would  be  several 
timea  greater  than  that  of  the  AT-48/UP  horn  antenna. 

Aside  from  an  increasing  VSWR,  the  uppermost  frequency  of  the 
oone  antenna  Is  determined  by  the  radiation  pattern.  When  the  oone 
length  (for  a given  frequenoy)  of  a cone  approaches  15#  the  radi- 
ation pattern  In  the  vertloal  plane  consists  of  so  many  lobsa  that 
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proper  orientation  of  the  antenna  ia  impossible,  L)jL  for  the  AT-Jj9A/APR~h 
antenna  at  I*  kmos  ini  ' 


where  f.  (length  of  oone  eide)  in  expressed  In 
the  same  units  an  A • 


b,=  **1^21*2.  = 13o8 
V * 7»5  can 


The  oone  antenna  faotcr  will,  of  oourse,  be  derived  on  the 
basin  of  orientation  for  maximum  response.  We  will  assume  the  antenna 
loss  reslstanoo  to  be  negligible.  The  cone  input  impedance  at  the  bant 
was  designed  for  78  ohnaj  however,  ve  will  assume  the  78-to-50  ohm 
taper  to  bo  efficient  and  that  all  the  power  extracted  from  the  passing 
wave  by  the  antenna  to  be  delivered  to  the  oornected  loado 

The  basic  sensitivity  of  th  e AN/URM-ix2 (IN-l)  is  10  aiorovolts) 
the  smallest  output  neter  indication  represents  10  aiorovolts.  The 
power  required  to  develop  10  ale revolt*  aoroiie  the  input  impedanoo  to 
the  AN/URM«4|2  ( XN  *1 ) isi 


tf  E2  (10  Z 10~*)2 

R ~ £5 

« 2 I lO”^2  iratta 


Thie  in  the  power  that  must  be  delivered  by  the  antenna  tc  the  r-f  in- 
put in  order  to  cause  a 1 niorovolt  deflection  of  the  output  aeter  in 
the  X10  position  of  the  attenuator  awitoh  ( straight-through  aeotion). 

The  field  intensity  ii>  mlcrovolta-per-meter  required  to  pi o vide  this 
power  can  be  determined  from  tho  equatloni 

w-§k  o> 

2 1 10-12  ” Wft 

E2  ^ 120  7t  (2  I 10'12) 

l 

E (757  1 microvolts/aster  (It) 

VT 
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The  ratio  of  E in  miorovolts-per-neter  to  tho  smallest  output  natar 
voltage  unit  will  be  the  antenna  faotor  K0 


Repeating  formula  (2)p 


we  see  that  the  antenna  effective  absorption  area  la  dependant  on  wave* 
length  and  on  the  power  gain  0 (directivity).  The  directivity  oan  be 
obtained  from  the  antenna  radiation  pattern  find  is 

q a Maximum  Radiation  Latenslty 
Average  Radiation  Intensity 

The  radiation  pattern  of  a cone  antenna  varies  considerably  over  its 
frequency  range.  Therefore,  the  antenna  faotor  will  vary  accordingly. 
We  are  in  tha  prooess  of  acquiring  radiation  patterns  from  which  direc- 
tivity data  oan  be  obtained;  Actual  calculation  of  the  cone  faotor, 
then,  most  await  receipt  of  this  data  from  the  manufacturer. 

60.MEQACTCIZ  CONVERTER: 


E uv 
10  uv 


A- 


oA* 

ITtT 


(2) 


Unda aired  signal  attenuation  was  discovered  In  the  input 
circuit*  to  tho  modified  URM-17  portion  of  the  AN/DRM=o2(XN-l)  equip- 
ment. See  figure  2. 


Figure  2*  URM-17  Input  Circuits 
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For  proper  operation  of  the  attenuator,  it  is  important  that 
it  be  loaded  with  its  own  characteristic  impedanoa  of  50  ohms*  The  in* 
pot  impedance  of  the  mixer  circuit  at  point  I (see  figure  3)  vu  meas- 
ured, using  a Hewlett  Packard  Model  803A  Very-High-Frequency  Imped anoe 
Bridge*  The  impedanoe  was  found  to  be  equal  to  60  ♦ J12  at  160  mega- 
cycles* 


Mixer  Input 


Figure  3o  Mixer  Input  Cirouit 


This  impedance  was  deemed  unnecessarily  high  and  the  mixer  input  cir- 
cuitry was  modified  (see  figure  U)°  The  input  Impedanoe  of  the  mixer 
as  measured  as  point  X of  the  modified  circuit  is  now  equal  to  1*8  ♦ 
Thie  impedanoe  is  equivalent  to  a VSVR  of  1*16  and  ia  thought  to  be 
entirely  satisfactory 0 


Figure  Modified  Mixer  Input  Circuit 


IMPULSE  NOISE  GENERATOR  t 

A ohange  has  bean  effected  in  the  magnetic  drive  circuits 
of  the  Impulse  Noise  Generator*  The  transistor  and  push-pull  ampli- 
fier haa  boen  replaced  with  a dual-trioda  multivibrator  circuit  of 
conventional  circuitry^  This  ohange  resulted  in  lower  cost,  a smaller 
number  of  parts,  and  simplicity  in  circuit  design . A schematic  dia- 
gram of  the  new  Impulse  Noise  Generator  is  contained  in  figure  5* 
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Figure  5.  lBpui.se  Noise  Generator,  Schematic  Diagram 
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MDUNTINQ  AND  CARRHNO  FACILITIES i 

After  building  the  model  of  the  AN/URM4i2(XN-l)  described 
in  the  report  dated  15  Noveofcer  1952,  it  became  apparent  that  the 
main  assembly  of  the  equipment  on  a single  mounting  board  vas  too 
heavy  and  exoesslTely  bulky* 

After  considerable  thought,  it  has  been  decided  to  redesign 
the  mounting  and  carrying  facilities  of  the  equipment.  This  work  is 
n ow  In  progress*  It  Is  likely  that  the  two  power  supplies  will  be 
carried  in  one  oase  and  a single  tuning  unit.,  the  RI-FI  Meter,  and 
the  Impulse  Noise  Generator  in  another  oase  with  the  antennae  and 
cables.  A third  case  will  probably  contain  the  other  three  tuning 
unite  and  possibly  the  tripod. 


CONCLUSIONS i 


Performance  of  the  60-aegaoycle  converter  has  been  highly 
satisfactory  and  no  further  time  will  be  devoted  to  this  circuit. 
Overall  operation  of  the  equipment  ie  fast  approaching  design  toler- 
anoes  and  figures  and  the  major  portions  of  the  electronic  circuitry 
oan  be  considered  final  in  their  present  font.  More  work,  however, 
is  contemplated  on  equipment  mounting  and  carrying  provision*  as 
well  as  on  antenna  calculations  and  design. 
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PART  2 

PROORAH  FOR  NEXT  INTERVAL! 

Effort  will  be  direoted  toward  the  completion  of  all  design 
and  construction  work  in  the  next  period  in  order  that  the  final  phases 
of  systea  testing  can  be  ooapleted  and  the  equipaeat  can  be  shipped  at 
the  earliest  possible  date. 
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NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  OTHER  DATA 
ARE  USED  FOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WITH  A DEFINITELY  RELATED 
GOVERNMENT  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNMENT  THEREBY  INCURS 
NO  RESPONSIBILITY,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  LICENSING  THE  HOLDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE, 
USE  OR  SELL  ANY  PATENTED  INVENTION  THAT  "MAY  IN  ANY  WAY  BE  RELATED  THERETO. 
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